Bioelectrical activity in the heart of the lugworm Arenicola marina.
Standard microelectrode technique was used to study electrical activity of the isolated heart of the polychaete annelid, Arenicola marina. Typical pacemaker activity with slow diastolic depolarization was observed in all recordings. The average maximum diastolic potential (-58.4 +/- 3.2 mV), the average amplitude of the action potential (28.7 +/- 4.7 mV) and the average total duration of the action potential (2,434 +/- 430 ms) were determined. There has been no gradient of automaticity observed in our studies, which suggests that all regions of the Arenicola heart could possess pacemaker functions. Acetylcholine (ACh) produced a concentration dependent (5 x 10(-8)-5 x 10(-5) M) increase of the beating rate via increase in the rate of the diastolic depolarization. ACh (5 x 10(-5) M) increased beating rate by 2.5-fold compared to the control rate. A stronger action of ACh resulted in depolarization, block of action potential generation and contracture of the heart. The non-hydrolysable ACh analog carbacholine (10(-8)-10(-6) M) produced similar effects. All effects of ACh and carbacholine were abolished by 5 x 10(-6) M atropine. D-Tubocurarine (5 x 10(-5) M) did not significantly alter effects of ACh or carbacholine. Epinephrine (10(-8)-10(-6) M) caused the slowing of pacemaker activity and marked decrease of action potential duration. 10(-6) M epinephrine produced complete cardiac arrest. The effects of epinephrine were not significantly altered by the beta-blocker propranolol (5 x 10(-6) M). The beta-agonist isoproterenol (10(-7)-10(-5) M) and the alpha-agonist xylometazoline (10(-6)-10(-5) M) did not produce significant effects. Thus, cholinergic effects in the Arenicola heart are likely to be mediated via muscarinic receptors, while the nature of adrenergic effects needs further investigation.